Abstract.
Introduction

19
Flight paths of thermalised neutrons at reactor and spallation sources are modified by the action 20 of gravity. Its influence increases with rising wavelength of the neutrons and longer flight paths.
21
For example, a 10Å neutron traveling a distance of d = 100 m is displaced by gravity by This effect is significant and needs to be taken into account when designing or operating long 23 neutron beamlines.
25
The gravity problem has already received some attention in the past. A way to counteract 26 the vertical displacement of long-wavelength neutrons for instruments not comprising neutron 27 guides was found to be a modification of the vertical position of the (virtual) source with respect 28 to the sample and detector position [1] , [2] . The influence of gravity on neutrons propagating 29 through a collimation system and a consequential distortion of reflectivity measurements on 30 liquid interfaces was included in an elaborated resolution theory that was confirmed by Monte-
31
Carlo (MC) simulations [3] . On the other hand, the treatment of the gravity effect in neutron 32 guide tubes requires a numerical approach due to the occurrence of reflections. At a time when 33 computing power was limited and thus extensive MC simulations were difficult to carry out, an might be severely disturbed [8] . For a very long instrument of 300 m using a quite narrow 48 waveband of 0.8Å around 6.66Å it appears that incorporating the trajectory curvature into the 49 shape of the elliptic guide allows to remove the direct line-of-sight (LoS) without suffering flux 50 losses and preserve the instrument resolution [10] . The latter study, however, was carried out 51 for a potential ESS backscattering instrument, for which the influence of the beam divergence 52 distribution on the measured resolution is significantly reduced. Hence the present work aims 53 at studying the influence of gravity on the phase space structure for a large neutron waveband 54 after propagation in elliptic guides, in particular concerning the shape of the vertical divergence 55 distribution. This is important for instruments where the divergence distribution has a direct 56 impact on the illumination homogeneity of the sample/detector or on the shape of structures in 57 the scattering spectrum (e.g. for diffraction). 
Analysis and results
59
The gravity effect is studied using a simple instrument layout, see 
where I(γ) is the beam intensity as a function of divergence γ either in vertical or horizontal 
91
• The magnitude of distortion of the divergence distribution due to gravity depends on two than by gravity [8] .
97
(ii) Source and guide entry size: The asymmetry decreases with increasing source size 98 ( Fig. 2 (b) , Fig. 3 (b) and (c)) or with decreasing entry width W 0 /source-to-guide 99 distance D 0 (Fig. 4) .
100
• Despite the asymmetry in the divergence distributions, elliptic guides still provide a transmission regime in elliptic guides [8] , such that all inhomogeneities are smeared out. This 122 process is more efficient if the source injects more phase space into the guide. 
Discussion and conclusions
124
The simulation results described in the last section clearly show that gravity can play an im-125 portant role in neutron transport in long elliptic guides, in particular for small sources and 126 long wavelengths. At the same time, it has been shown that these effects can be removed by 127 increasing the size of the (virtual) source such that it exceeds the guide entry dimensions. Such Horizontal and vertical divergence distributions at sample position for a 148 m long guide with a constant 10 × 10 cm 2 cross section having the same source-to-guide and guide-to-sample distance D 0 = 1 m. The y-axis is logarithmic to fit in distributions for small source sizes. The zig-zag structures, which are particularly visible for small source sizes, are a systematic effect and arise due to fractions of the total phase space missing the 1 cm 2 sample, since straight guides lack focusing abilities. Here and in other plots the error bars (mostly too small to be visible) represent the statistical uncertainty due to the number of simulated trajectories. The white line corresponds to the relation X 0 = W 0 . It is well visible that the gravity effect dominates for X 0 < W 0 , i.e. for sources being smaller than the guide entrance. (b) The ratio of the source edge length X 0 to the entry width W 0 as a function of the neutron wavelength λ that is needed to achieve a vertical divergence distribution at sample position, which exhibits an asymmetry of less than 5% or 1%, respectively. As expected, larger source sizes are needed for larger wavelengths.
